Water temperature is an important indicator for biodiversity and ecosystem sustainability. In this study, a simplified equilibrium temperature model was incorporated into the CE-QUAL-W2 (W2) model. This model is easy to implement, needing fewer meteorological variables and no parameter calibration. The model performance was evaluated using observed data from four stations on the Lower Minnesota River. Results show that the simplified equilibrium temperature model performed as well as the original equilibrium temperature model and the term-by-term process model for water temperature predictions with the values of the coefficient of determination (R 2 ), Nash-Sutcliffe Efficiency (NSE), and Percent Error (PE) in the accepted range (R 2 ¼ 0.974, NSE ¼ 0.972, PE ¼ 1.377%).
INTRODUCTION
Water temperature is an important indicator to determine the overall health of aquatic ecosystems. It plays a significant role in many chemical and biological processes present in rivers. All aquatic species have a specific water temperature range that they can tolerate and dramatic changes in water temperature may have adverse impacts on the habitat of aquatic species (Caissie et al. ) . For example, variability in water temperature affects the traitmediated survival of a newly settled coral reef fish as warmer water leads to faster larval and juvenile growth and shorter pelagic larval durations (Grorud-Colvert & Sponaugle ). A fish species could perish due to osmoregulatory dysfunction if weekly stream temperature drops below a threshold temperature (Mohseni et al. ) .
Many water temperature models have been developed over the past years, which can be categorized into deterministic models and statistical models (Caissie ) .
Deterministic models are generally based on heat budget calculations while statistical models use regression techniques to correlate water temperature with meteorological or other physical variables, such as air temperature, solar radiation and flow discharge. Statistical models have been used tremendously in water temperature predictions because of their relative simplicity and minimal data requirement, such as linear regression models (Krider et al. ) , non-linear regression models (Mohseni et al. ) , and stochastic models (Cho & Lee ) . These statistical models are useful tools for water temperature predictions, however, several drawbacks exist, as was summarized in Benyahya et al. () . For example, linear regression models are less appropriate when the assumption of a linear relationship cannot be verified, and stochastic models are appropriate when residuals are stationary. Moreover, the impact of watershed hydrological conditions are not included in these statistical models (Ficklin et al. ) . Therefore, the statistical models may not be reliable when interpreting and predicting the impact of environmental and anthropological drivers, such as climate and land use change.
Deterministic water temperature models simulate the spatial and temporal change of water temperature based on energy balances of heat fluxes and water mass balance in a water body (Hebert et al. ) . Heat fluxes are calculated at the water-air and water-sediment interfaces, and heat exchange at the water-air interface is generally more influential than that at the water-sediment interface (Caissie et al. ) . At the water-air interface, heat fluxes can be calculated based on a full energy balance approach, which includes incident and reflected short/ longwave radiations, evaporative heat loss, and heat conduction. Various deterministic water temperature models, such as the QUAL2 K model (Chapra et al. 
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Study area
The study area (longitude: 
CE-QUAL-W2 water temperature model
Surface heat exchange can be formulated as a term-by-term process using explicit adjacent cell transport computation as long as the integration time step is shorter than or equal to the frequency of the meteorological data. Surface heat exchange processes depending on water surface temperatures are computed using previous time-step data and therefore lag from transport processes by the integration time step. Term-by-term surface heat exchange is computed as:
where H n is the net rate of heat exchange across the water Since some of the terms in the term-by-term heat balance equation are surface temperature dependent and others are measurable or computable input variables, the most direct route is to define an equilibrium temperature (T e ) as the temperature at which the net rate of surface heat exchange is zero. The equilibrium temperature is defined as a hypothetical water temperature at which the net heat flux is zero. The net heat input is assumed to be proportional to the difference between the water temperature and the equilibrium temperature: where ρ w is the density of water (kg m À3 ), C pw is the specific heat capacity of water (J kg À1 C À1 ), H is water depth (m), t is time, T w is water temperature ( C), T e is the equilibrium temperature ( C), K T is the overall heat exchange coefficient
).
In the original W2 model, all approximations of the individual surface heat exchange terms enter into the evaluation of the coefficient of surface heat exchange and the equilibrium temperature, and the whole process is very complex, needing many iterations to get K T and T e (Cole & Wells ) . Meanwhile, meteorological variables, such as solar radiation, wind speed, dew point temperature and air temperature, are needed as input.
There are some parameters for calibration as well (Cole & Wells ) .
In this study, a simplified equilibrium temperature approach was integrated into the W2 model. 
where T dew is the dew point temperature ( C), wind is the wind speed (m s À1 ). Both T dew and wind are input meteorological data of the W2 model. The equilibrium temperature can be calculated by the empirical relationship of the overall heat exchange coefficient, the dew point temperature and the solar radiation (Brady et al. ) :
where H s (W m À2 ) is the gross rate of shortwave solar radiation, which is also input meteorological data of the W2 model.
Model development
A W2 model has previously been developed for use in establishing goals for load reduction of point and non-point sources and evaluation of management scenarios to improve current water quality conditions in the LMR, and the equilibrium temperature approach has been used to investigate river temperature (Smith et al. ) . In this study, the sim- Additional information for the four river temperature monitoring stations can be found in Table 1 . The coefficient of determination (R 2 ), Nash-Sutcliffe Efficiency (NSE), and Percent Error (PE) were used to evaluate the 
where OV i is the observed value, OV mean is the averaged observed value for the simulation time period, MV i is the simulated value, MV mean is the averaged simulated value for the simulation time period. 
RESULTS AND DISCUSSION
where k(T ) is the reaction rate at a local temperature (d
k 20 is the reaction rate at 20 C (d À1 ), θ is the temperature correction coefficient, and T w is water temperature simulated by the W2 model ( C). better than the other two models for DO simulation, which indicates that the simplified equilibrium temperature model can be a potential tool to simulate water temperature for water quality modelling.
